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ABSTRACT 
In the previous research in Badut temple, it resulted in the conclusion that on the research path, there is a Badut temple 
foundation, at a depth of 0 m -1.5m, which is square wide. The results of this study require further research to detect the 
presence of a cavity zone because the presence of cavity zones has the potential for subsidence of the temple foundation. 
This study aims to determine the distribution of cavity zones under the temple foundation. Research in the first location 
around the temple building was carried out by scanning 8 straight lines, then combined and analyzed. Based on the 
results of the analysis, it is found that the cavity zones are spread from trajectory 1-8. The largest cavity zone is located 
in the corner of the intersection of lanes 1 and 2. The second location research was carried out in the pool in front of the 
temple; the results showed that the pool floor was dominated by the cavity and watery zone. Only a few points showed 
buried rock, which was shown by reddish-yellow color. Based on the data analysis, it can be concluded that around the 
temple, there are still many cavity zones, and there are still some buried rocks. As for the pool area, it is dominated by 
a cavity zone, so it is possible that there is still a lot of empty space under the ground floor of the pool, and it is watery. 
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1. INTRODUCTION 
Badut temple is one of the Hindu-style temples in 
Malang city. The temple was rebuilt in 1923-1925 AD by 
the Dutch Indies [1]. In the previous research, it resulted 
in the conclusion that on the research path, there is a 
Badut temple foundation, at a depth of 0-1.5m. The 
foundation of the Badut temple is square wide. The 
results of this study require further research to detect the 
presence of a cavity zone because the presence of cavity 
zones has the potential for subsidence of the temple 
foundation [2]. The trajectory in previous research is as 
shown in Figure 1. 
The image produced by the GPR method is a 
collection of signals obtained from wavelets that have 
undergone a scattering event with materials that have 
passed through electromagnetic waves beneath the 
Earth's surface[3]. 
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Figure 1 Photo of present Badut temple (a) Photo from 
google earth of the temple foundation area (b). 
 This scattering occurs due to the 
electromagnetic rock properties, which are expressed in 
the variables of electric permittivity (  ), electrical 
conductivity ( ), and magnetic permeability (  ). So in 
principle, the signal emitted by GPR must have a single 


















































  (4) 
Where E is the electric field (N/C), B is the magnetic 
field (T), Eo and Bo are the amplitude (complex),   the 
angular frequency,  the attenuation constant (Np / m), 
and  the phase constant (rad / m). 
 Skin depth (  ) is the depth that the wave passes 
through where the signal has a reduced amplitude to 1 / e 
= 0.368 = 36.8% of the amplitude at the surface. The 
depth of penetration is limited by the low conductivity of 




  (5) 
The electromagnetic radiation reflected by a layer 
depends on the relative dielectric constant contrast of the 
adjacent layers. If the contrast is large, the amount of 
reflected radar wave energy will also be greater [5]. The 
portion of the reflected energy is expressed as the 
reflection coefficient (R) determined by the relative 
dielectric velocity contrast of the medium. In all cases, 
the magnitude R is in the range ± 1. The share of energy 
transmitted is equal to 1 – R, while the power of 
reflection coefficient is equal to R2. The amplitude of the 

















R  (6) 
Where V1 is the velocity of the radar wave at the first 
layer, V2 is the velocity of the radar wave at the second 
layer, and V1 <V2. ε1 and ε2 are the relative dielectric 
constant (εr) of the first layer and the second layer. 
Whereas the speed of the radar wave through the material 
depends on the type of material and is a function of the 
relative permittivity of the material. The velocity of the 


























Where c is the light speed in the air, ε is the relative 
dielectric constant, the relative magnetic permeability, P 
is the loss factor with. The loss factor indicates the 
reduction in energy during signal transmission due to 
absorption by the medium it is passing through. The 
reduction in energy is actually a transformation or change 
in the form of energy into heat. In propagation beneath 
the surface, the waves experience depth penetration, 
which depends on the electrical, geological properties of 
the subsurface with the working principle of the sender 
and receiver pulse waves, so that the subsurface structure 
will appear due to the presence of subsurface anomalies 
on the radargram [7]. 
The system in the GPR method is an active system in 
which the transmitter is "emitting" electromagnetic wave 
pulses (at intervals of radar waves), then recording the 
intensity of the radar waves, which are successfully 
reflected back to the surface by the receiver [8]. So that 
the working principle of GPR by utilizing 
electromagnetic waves that are sent and then reflected 
because they hit certain objects. The results of this 
reflection are then recorded [9]. Radar pulses are 
transmitted, reflected, and scattered by surface structures 
and subsurface anomalies. The scattered and reflected 
EM waves are received by the receiving antenna on the 
earth's surface in the form of a characteristic wave 
amplitude (radargram) [10]. So that if there is an anomaly 
in the subsurface layer, we can detect the structure of the 
layer on the radargram [11]. The working system of the 
a 
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GPR tool is in the form of a transmitter, which is an 
antenna connected to a pulse generator equipped with a 
timing circuit setting, while the receiver is an antenna 
connected to the ADC and LNA, which is then connected 
to the processing unit (data processing) and display as its 
output display [12]. 
 
Figure 2 GPR Work System. 
Georadar (Ground Penetrating Radar) is very suitable 
for identification of shallow areas (near-surface) with a 
depth of fewer than 25 meters, with very high accuracy 
(resolution), and is able to record data every 2.4 cm, so 
that sub-surface archaeological objects with dimensions 
several centimeters can be detected [13]. The advantages 
of using the GPR method are that it has high resolution 
and is non-destructive. While the weakness of this 
method is that the depth of penetration is limited to only 
a few tens of meters depending on the frequency of the 
transmitter antenna used. GPR devices can send 
electromagnetic wave pulses with a frequency between 
10-1000 MHz [14]. In some modern systems, they are 
equipped with an onboard computer that facilitates data 
processing by obtaining data in the field and post-
recording [15].  
During its development, the GPR method has been 
extended to a refractive method [16] and is very good at 
producing 3D underground structure images [17]. GPR 
can generate stratigraphic trend conclusions, producing 
facies images of sediments [18]. This method is able to 
show the surface of objects buried in the ground, 
especially in simple geological conditions [19]. The 
higher the frequency, the higher the signal attenuation in 
propagation so that the range of the GPR will be 
shallower [20]. During its development, the ability to 
identify objects under the surface of the GPR method has 
become an important tool in the engineering and 
geophysical environment; as well as widely applied in 
road quality inspection and detection of bedrock 
structures, building foundations, shallow soil or rock 
structures, detecting water levels and water pollution 




The survey design of the GPR method is a straight 
line around the temple building starting at the coordinates 
of 7 ° 57'27.70 "South Latitude and 112 ° 35'55.71" East 
Longitude and the temple pool with a specified distance, 
according to the shape of the temple and the size of the 
temple according to Figure 2 below. 
 
Figure 3 GPR Measurement Line. 
Based on Figure 3 above, the red line is the research 
trajectory using the GPR method. The red square is a pool 
of water which is located on the left in front of the temple. 
The research sequence will be carried out according to 
the research diagram below: 
 
Figure 4 Research Diagram. 
2.1 Data Acquisition 
 Data acquisition, by scanning along the research 
path with a georadar tool slowly and continuously. Radar 
waves will be transmitted directly below the surface by 
the transmitter. Then the reflected georadar waves are 
received by a receiver equipped with a laptop containing 
data processing software and generating subsurface 
images. This image is the result of the response from the 




boundary plane (interface) of the surface of the objects 
and the subsurface layers of the earth, which have 
different physical and electrical properties. The 
boundaries between these surfaces are the natural 
properties of the rock, such as layering, hardening, 
changes in water humidity, cavities, cracks, and most 
importantly, the existence of buried rock objects. 
 The equipment used in the GPR (Ground 
Penetrating Radar) method is 1 unit of the GPR Future 
2005 instrument, which equipped with 3D Software - 
Future 2005 
2.2. Data Collecting and processing 
 Radar waves will be transmitted directly below 
the surface by the transmitter; then, the reflected georadar 
waves are received by a receiver equipped with a laptop 
containing data processing software and generating 
subsurface images. These images are then stored as data, 
then analyzed and discussed. 
 GPR data processing aims to produce a good 
subsurface profile/image with high resolution so that 
based on this image it can be identified the state and 
shape of the rock reflector according to the desired target 
[22]. Processing is done directly (live scan) using 3D 
software, namely future 2005. This software will 
immediately display the conditions of the research area 
through the indicated colors as metal, cavity zones, native 
soil, and minerals. 
 
Figure 5 Display of Live Scan Results from Future 
2005 Software. 
2.3. Result and Discussion  
 Based on the results of the live scan, data 
interpretation can be made qualitatively on the 
visualization of the GPR method, which is shown in 
different colors.  
 
Figure 6 GPR Future Series 2005 Output Color. 
Blue indicates the presence of cavities; this cavity 
zone can be interpreted as the presence of subsurface 
water that fills the cavities in the area, a weathered layer. 
Green indicates normal measurements of a surface in the 
absence of anomalies. The yellow color shows the dry 
area; the orange color shows the occurrence of 
mineralization in the soil surface; the red color shows the 
presence of metals buried in the subsurface. This is as 
shown in the image below. 
 Based on Figure 6 shows the color definition at 
the GPR output. Then the color analysis of the field data 
is compared with the geological data in the area to obtain 
information on the possible rock types in the subsurface. 
3. RESULTS AND DISCUSSION 
 Based on this research, the Ground Penetrating Radar 
(GPR) method is used to identify subsurface structures 
around the temple, the aim is to predict whether the sub-
foundation structure is compact rock, whether there are 
still many cavity zones and whether there are still many 
buried rocks. There are two locations that were measured 
using GPR, namely the area around the temple and the 
historical pool in front of the temple. The first location is 
divided into 8 tracks according to the shape of the temple. 
The second location is done directly in the pool. 
3.1. Location 1 (lines 1-8) 
 Location 1 is the research location around the Badut 
temple building. Based on the research results, it was 
found that a shallow subsurface is between 0 - 3 m deep. 
The data obtained is a straight trajectory, the recorded 
data is directly processed using the Future 2005 software 
and then the data is combined into one forming the 
circumference of the temple as shown in Figure 7 below. 
The following is the research data after being combined 
into one. 





Figure 7. Records of the first location research results. 
 Based on the recording of research results around the 
temple, it can be seen that the subsurface structure of the 
foundation around the Badut temple is based on the color 
obtained. The reddish-yellow color indicates the 
presence of metal or rock. Meanwhile, a slightly dark 
green color indicates that the area is natural soil without 
anomalies. And the blue color indicates that the area is a 
cavity. The record that was produced in the first location, 
around the temple building, was a straight line of 8 lines, 
then combined and analyzed. Based on the analysis, it is 
found that the cavity zones are evenly distributed from 
path 1-8. The largest cavity zone is located in the corner 
of the intersection of trajectories 1 and 2. For 
information, there are most buried rocks at trails 1 and 3. 
The record shows that around the temple, there are still 
several empty zones (cavity) which may still have 
weathered layers and some reddish-yellow spreading, it 
is possible that there are temple rocks that are still buried, 
even though their position spreads irregularly. These 
rocks are thought to be scattered ruins of the temple ruins. 
This is reinforced by the shape of the temple building, 
whose top is not intact. Many stones were not found at 
the time of excavation. 
3.2. Location 2 
 Location 2 is the location of the research being carried 
out in the temple pool, which is in front of the Badut 
temple. Based on the results of the study, it was found 
that a shallow subsurface is between 0–3m deep. The data 
obtained is a combination of several straight paths that 
are formed like a rectangular area. As shown in Figure 8, 
the recorded data is processed directly using the Future 
2005 software. Following are the research data after 
being processed and combined into one. 
Based on the recording at the second location or in the 
pool area in front of the temple, it shows results that are 
dominated by dark green and blue colors, and there are 
several reddish-yellow colors. The green color is 
identified as soil without any anomalies, and the blue 
color is identified as the cavity zone. Metal or rock is 




Figure 8. Results of the second location research. 
So many cavity zones in the temple pool in front of 
the Badut temple need restoration to find out and prove 
the existence of the cavity zone. The cavity zone in this 
pool contains water visible from the wet ground pool 
floor. The reddish-yellow color indicates the presence of 
buried rock, so excavation is necessary to prove the 
existence of these rocks. 
Overall, the results of the subsurface recordings at the 
first location show that there are still several cavity zones 
or empty spaces that indicate weathered layers, and there 
are still some temple rocks (andesite) that are buried in 
the ground and have not been excavated. However, the 
distribution of buried rock is very small, mostly 
dominated by natural soil and cavity zones. The cavity 
zone here can be estimated as a hole or culvert. The 
second location is dominated by a cavity zone, so it is 
possible that there is still a lot of empty and watery space 
under the ground floor of the pool; only partially there are 
buried rocks. 
4. CONCLUSION 
Based on the data analysis, it can be concluded that 
around the temple, there are still many cavity zones, and 
there are still some buried rocks. As for the pool area, it 
is dominated by a cavity zone, so it is possible that there 
is still a lot of empty space under the ground floor of the 
pool, and it is watery. 
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